ABSTRACT
Introduction
Several experimental models have been developed for the study of renal physiology [1] [2] [3] [4] . The models based on partial obstruction of arterial blood flow are used to evaluate renovascular hypertension. For the study of renopriva hypertension, reduction of functional renal tissue may be used, obtained either by bilateral nephrectomy and increased intake of sodium chloride, or by the removal of one kidney and two thirds of the contralateral kidney, since the unilateral nephrectomy causes neither hypertension nor cardiovascular lesions in mice 5, 6 .
Venous ligatures are currently most used for studies on thrombogenesis [7] [8] [9] [10] and not to evaluate parameters of renal dysfunction on short term. In the 1950s and 1960s renowned experimental studies on the obstruction of the renal vein in dogs and mice, as well as its effects on renal function and histology were performed 11 , showing early alterations in both situations,
represented by significant proteinuria, hemorrhagic infarction and congestion the renal parenchyma. Some changes would be reversed with the development of collateral circulation, especially when the renal veins were ligated near the inferior vena cava and the blood draining to the left gonadal vein, or other tributaries of the renal vein, allowing early functional recovery.
Threefoot et al. 11 made plastic models with the injection of methacrylate in the arteries and veins and corrosion of tissues to assess the effectiveness of venous ligatures, confirming the early development (between one and three days), of collateral circulation for kidneys' drainage. The histological findings of these authors, when the right kidney was assessed, between the first and fifteenth day, were mostly infarction, bleeding and hemorrhagic necrosis. Sixty to eighty percent of animals, on the first and second days, developed edema and congestion, as well as degeneration of the tubules. Between the seventh and the ninth day, also considering the right kidney, the authors found the same infarction with hemorrhage and hemorrhagic necrosis in all animals, as well as edema and congestion, signs of infection with leukocyte infiltration, degeneration of tubules, interstitial fibrosis and thinning of basal membrane in fifty to seventy-five percent of the studied kidneys. Proteinuria found by the authors showed a peak around the second day after ligation and it was near the baseline values by the fifth day after surgery, both in animals that had hematuria and those without.
The aim of this study was to compare the changes that follow the right nephrectomy or ligation of the right renal vein with preservation of kidney, evaluating urinary parameters and histological aspects related to renal function of animals.
Methods
This study was carried out at the Advanced Surgical Skills . In group 2, right nephrectomy was performed and, in the third group, the right renal vein was occluded with 6-0 nylon suture nearby the renal hilum, preserving the ureter and the renal artery. The fifteen rats were reoperated after seven days, since the life cycle of the rat allows the observation of early alterations 14 ( Figure 1 ). 
Results
The five animals in the control group slightly increased the weight after a week, ranging in average from 298g to 300g.
Animals in group 2 (right nephrectomy), decreased from 302g to 287g, a decrease around 15g (-4.96%). The ones in group 3
(ligation of the right renal vein), weighed around 301g and ended with 272.4g, a decrease of 28.6g (-9.5%), values that were not statistically significant (Table 1) . The pH of the first urine assessed in the three groups of animals ranged between 5 and 8 (mean 6.5) even with the animals being kept under similar conditions without water restriction.
After the operations there were no changes in the results of group 1 (control), which showed similar pH, between 6.2 and 6.5, but in both, group 2 (right nephrectomy) and group 3 (renal vein ligation), there was a pH increase between 8 and 9 on the third and seventh days, a mean of 8.4 in group 2 and 8.8 in group 3 ( Table   2 ). The pH values found in the postoperative period were very close in the latter two groups, not statistically significant but, when the initial pH was assessed in relation to the postoperative period, statistical significance was observed (p<0.05).
The specific gravity of urine, which ranged between 1017 and 1019 preoperatively, decreased to 1011 and 1010 for group 2 and group 3. The values of proteins found in urine, which varied between 15 and 18 mg/dl before the operation increased to 260 mg/dl (about 16 times higher than the control) in group 2 and 440 mg/dl (about 26 times higher) in group 3; these values also showed statistical significance (p<0.05) - (Table 2) . TABLE 2 -Variations referring to the mean of pH, specific gravity and protein concentration (mg/dl) in the urine of the three groups of animals.
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NS: not significant. S: significant
The macroscopic appearance of the remaining left kidney in groups 2 and 3, which has not been handled in the first operative procedure, did not suggest major changes seven days after the experiment although, in the histological study, erythrocytes were observed within the tubules (Figure 2 ). In the five animals of group 3, extensive renal infarction and areas suggesting arterial perfusion, demonstrating the integrity of the arterial blood flow, can be macroscopically noticed ( Figure   1 ). The microscopic aspect of the kidney confirmed hemorrhage, structural changes, edema and intra-renal thrombosis ( Figures 3   and 4) . 
Discussion
The membrane of renal capillaries is porous to water and to other elements dissolved in the plasma and shows low permeability to proteins 2, 15 . Proteinuria is a marker of kidney disease and a risk factor for progression, as well as of cardiovascular diseases, being a prognosis factor 2, 16, 17 . In humans and experimental animals, the operations performed in the abdomen, even without manipulation of the kidney or renal vessels, are accompanied by transient , but hypertension after renal vein thrombosis clinically can occur 8, 22 . The dissection of the renal artery of the rat is laborious, but both nephrectomy and the ligation of the renal vein are easily performed, as well as the veins in murine models are more suitable for training 10 . Although human right renal vein is smaller and close to the inferior vena cava, the right kidney in rats is more mobile and easier to dissect, as well as the right ovarian vein in the studied rats was a direct tributary of the inferior vena cava (Figure 1-II Evans et al. 25 reported the occurrence of congenital unilateral renal vein thrombosis, followed by hypertension and dilution of the urine of the neonate that presented values of specific gravity between 1000 and 1002, weight loss and hemoconcentration, but no change in urea and electrolytes. In the polyuric phase there was a decrease in potassium levels and increased renin, parameters that have been corrected with the removal of the affected kidney in the seventh week of life. The renal vein thrombosis is more usual in the neonatal period 26 and it is accompanied by hypertension, proteinuria and renal failure 9,15,17,27 but hematuria does not usually occur 15 . The mechanism of onset of thrombosis is not yet defined and it is considered more of a complication than the cause of nephrotic syndrome 9, 27 and, in these situations, hypercoagulable is . Although there are peculiarities of the venous system of small animals, the veins of the abdomen are of simpler handling than the arteries and, experimentally, murine models are used to evaluate the thrombogenic factors performing the ligature of the inferior vena cava, when progression of thrombus to the renal veins may occur 7, 8, 10 . A major edema of the kidney a few hours after vein ligation is expected with better survival rates than after bilateral ligation of the renal veins, which is related to where the ligation is performed, being more successful when it is made next to the inferior vena cava, especially on the left, and also when the right and left veins are occluded in different days, not at the same time. Studies in dogs one to six weeks after the ligatures showed significant collateral circulation and only a transient alteration of excretion of electrolytes and mainly proteins 11 . Proteinuria found by Threefoot et al. 11 showed a peak on the second day after vein ligation (four times above baseline values), becoming close to normal rates by the fifth day, reaching twice the baseline on the eighth day, remaining almost normal after this period, possibly due to the congestion and increase of venous pressure. Likewise, the absence of collateral circulation makes stasis in the venous system to be followed by venous thrombosis and progression of functional alterations. These studies showed a survival rate for two weeks of eighty percent of the animals with ligation of one of the renal veins and twenty-seven percent when bilateral ligation of the veins was performed, especially when they were occluded next to the inferior vena cava 11 . In the experiment performed here, the attempts of simultaneous ligation of the renal veins with preservation of the kidneys, or ligation of the renal vein with contralateral nephrectomy, were incompatible with the survival of animals, tactics that were tried during the pilot study. The renal function of rats changed early when unilateral nephrectomy was performed and more intensely when the right renal vein was occluded and this kidney was preserved only with the arterial blood supply.
Conclusions
The right nephrectomy and ligation of the right renal vein with kidney preservation were responsible for early functional and histological alterations of the kidneys, especially in the second model. The left kidney preserved in both models failed to adequately maintain renal function.
